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General (1:10-scale) and section (1 3-scale} modele of the approach 
channe!, sump. and pump Intakes of the proposed Alton Puaping Station Altus. 
IL, were used to evaluate and develop a practical design that would provide 
gatinfactory hydraulic performance for all anticipated flow comfiticas The 
sump ineluded three puzpe with a total design caparity of 7273 ¢f4 


Initial operation of the general model with vertical suctien intakes 
ind{cated subatantial awirl in the pump intakes and surface vortices Vay lous 
modifications investigated to reduce awirl included elevating the lower edge 
of the broast wall, closing acceas ports, streamlining flaw by adding 4 9 9.81 
radius to the lower edge of the breast wall. installing fillets in the rorners 

of the pusp bay, and Installing 4 aplitter wall beneath the pump bell oA 
design was developed that provided satlafactary hydraulle performance sxcopt 


Soros 


t when the trashrack was partially blocked 

2 iCentinued) 

£ ’ : 
. “Fo rrned suction intake Suction bel} “4 
a Pump susp Vortex g 
i Subse rgence Yor tex suppressor devices s 
Re s 
Ba x 


a 


ESS, 


A tender gem 3 

se Pomp rfend wy OMY tag TIE + 
a 7 xh? 

Eo 

AR 


“SERRA EAA UPAR HP Dh Bch IEMA MEADE ITIL. SATIRIC AMAESED / Seeds alg 


r 
4 


A Eee AT ae yee 


wee RE PON ARETE SIN RE NAD Spe ar ee 


i 
} 
4 
3 
‘ 
t 


13. ABSTRACT (Continued) 


A formed suction intake (FS1) vas alao investigaied in the genera model. 
Tast results Indicated chat svirl in the pump intake ves aatinfactery with che 
FSI even when the trashrack vas partially blocked, 


Tests vere conducted in a section model primartly to investigate flow 
distribution in che pump colusn and to compare hydraulic pexrforaance of the 
vertical suction aad formed succion intakes, Flaw dfuriibuties in the Psi 
Was satisfactory even with 25 percent of the tranhrack blocked. The vernical 
suction and formed suction intakes vere similar from a surface vortex etand: 


polnt; bowaver, the PEI was superiar based on gvixl and flow 4istrtbutten in 
the puap intake. 
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PREFACE 


The model favestigation reported herein was authorized by the HeaJ- 
quarters, US Arey Corpa of Engineascs (HQUEACE), on 12 Getober 1984 at the 
request of the US Arwy Engineer Districc, §. Louis, The studies wers con- 
ducted by personnel of th. Hydrauifes Laboratory, US Army Engineer Waterways 
Experiment Station (NES), during the period Getober 1984 to November 1987 
under the direction of Magers, F. A. Heryvmann, Jr, Chief of the Hydraulics 
Laboratory, and R.A. Sager, Awulatane chieS of the Hydraulics Laboratory, and 
under the general supervision of Measra CG A Phekering. Chief of the 
Hydraulic Structures Diviston (MSD), Hydrauctoa Luberatuty, and HR Oswalt 
Chief of the Spilivays and Charneia Branch (#0R), MSE Projeet engineers Cor 
the wodel atudy were Mesers ToL Kivkpotr{\ and Boo Fletvher, aastated by 
Menera. RB EF Bryant and Joo Rucker, Jr. ali of HSD 9 The maudel was can 
atructed by Mr Wo Landers of the Enginesring and Constiuction Services 
Diviaion, WES. This repert was written by Meesra Kirkpatrick and Fletahes 
and edited by Mra MN oC Gay, Information Technology Laboratory. WES 

wurhig the model investigzation, Kreears James Lather, Fou Dleckmabn “te 
Cronin, and Wayee Miller. 5¢ Louwia Histrict, Joe McCureick Larry Echentrod 
and Larry Cook, US Arey Engineer Division, Lower Misstarippi Valley. and Ach 
Kinzel, WOUSACE, visited WES to discurs the program of sede] testa and observe 
the wodel in operation 

Compander and Directcr of WES during preparation of this report was 


GOL Larry B, Fulton, EX Technical Director wae Dr Buberc ¥o Whalin 
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COUVERSION FACTORS, NOM-SI TO SI (METRIC) 


UNITS OF MEASUREMENT 


Non-SI units of measurement used in this report can be converted to S$! 


(matric) wits as follows: 


ee CSU). Si sess cataract 
acres & 046.873 
cubic feet 0.02831685 
dagrees (angle) 0.01765329 
feet 0. MAS 
inches 25 4 
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PART 1. INTRODUCTION 


The Piotatyps 


1. The proposed Alton Pumping Station will be located in Madison 
County, Tilfinodia, Just south of the city of Alton, IL. and adjacent to the 
Melvin Pelce (Lock end Dan 26 (replacement) project (Figures |oand 2) The 
extating flood-contral seasures in the regtun canaiat of several dra{nage 
ditches and a puaping atation with a pumping capacity of PY cfs * 

2 A 23)-ecr]e ponding atea ie located to the north of the propoard 
pusping atation (Figure 1) This area will be used te ature seopage atab alors 
flows when quantities exceed the capactt + of the pumping atation and during 
petiods when the area cannot be drafmed by gravity A main dratnage channei 
rung through the entire length of the pond?>¢ area (Figure 2) The main 
channel splits abour 568 f¢ upatresm of the pusrping elation te aliow separate 
conveyance of gravity and pumped flows (Figure 3; The drainage channel 
isading to the pumping afation has a 6-f¢ bettem width and side alopes of 
Von 4H) The capacity of the channel fs ?bt cfe at a depth of a 9 £5 and a 
velocity of 2 1 fps The discharge from the paceping etation and the gravity 
flow channel will be collected in a compon diacharge chasher The chanhbe: 
will perelt gravity flow Into twa existing GO-in culverta. which pass thrwugh 
the levee and discharge into an existing concrete pad located on the 


Mississippi River. A steel] Tintng will be plaved inaide the 60-1n culverts 


: to ensure their structural integrity The bintng will reduce the inside 

; diameter of the culverts to $4 in. amt ailow a Lotal flew caparity af 290 cle 
E 

i with no cailwater. 


3, The drainage aren in an urbanized region vith moat of the develup- 
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A table of factors for converting non St unite of meaauvements to $I 
(metric) units is found on page 3. 
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Figure 1) Vicinity map 
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Figure } Proposed pumping station 


on the outakirts of the floodplain and would suffer extensive damage «ith a 
small depth of floodwater, The water-surface elevation in the ponding ares 
varies from 399.5 to 415.8." Ponding elevations above 415 8 would cause sub- 
stantial flood damage in the drainage area The majority of flow entering the 
drainage area will consist of seepage water from the conservation pool created 
by the Alton project. The main drainage channe) will store flava to a ponding 
elevation of 410.0. Additional atorage ia available in the ponding area out: 
side of the drainage channel to « saxitus elevation of 413 0, thus allowing « 
factor of safety to the damage elevation of 415 8. The pumping station is 
operable to an lapoundsent elevation of 4277 9 The gravity flow channel will 
be operated to a gate closing feyoundsent elevation of 404.0 Pusping opers- 
tions wili begin at @ minious impoundsent elevation of 406.6. 


a ecameien 


Peat. 


All elevations (#1) cited herein are in feet referred to the National 
Geodetic Vertical Datum (NCVD). 
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4, The proposed 223-cfs Alton Pumping Station will consist of three 
individual pump bays and Chree vertical lift pumps (Place 1) with « design 
discharge of 74.4 cfs per pump and a maximus discharge of 112.0 cfs per pump. 
Each pusp bay will be equipped with a wechanically cleaned trashrack to remove 
any large debris entering the station. A concrete breast wall will be con: 
structed across the width of each bay to provide « support for a closure gate 
to be used for dewatering purposes. Bulkhead slots are alao provided in the 
bay valls to allow for emergency closure of the pump bay in case of gate 
fallure, 


Purpose ond Srope of the Model Study 


$. Originally, the model study wae conducted to evaluate the flow 
characteristics of the approach channel. pup bays, and vertical puep (ntake, 
and to develop sedifications thet vould laprove the hydraulic perforsance of 


the structure. Additionel teats were conducted on a formed suction Intake 


(PSI) design to compare the hydraulic performance of the two dealgns 
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PART If: THE MODELS 


Deasription 


Cansra) model 

6, The general acdel (Figura 4) was constructed te an undistorted 
lineer scale ratic of 1:10, The modal reproduced a 400-fc length of the 
approach channel and the three pump bays and puep intakes. The upstream 
curved section of the approach channe) wan molded of pea gravel to sheet metal 
teapletes. The downstresm Crapercidal section of the approach channel wax 
constructed of asrine plywood. The suep and pump intakes were constructed of 
Plexiglas to persit observation of flow patterns within the sump Brass rods 
were used to alaulate the trashrack in each pump bay. 

7. Individual centrifugal flow pumps were used to rectroulate the flow 
through each pump intake and to permit operation of varitaus pump combinst tons 
Digital paddle wheel type flowmetera were used to measure a1] discharges. 
Motorized tutterfly valves were used to set a given discharge through each 
pump. An electromagnetic type velocity meter was used to measure all veloct- 
ties tn the model. Confetti and dye vere used to observe surface and sub- 
aurfece flow patterns in the sade) 

Sectien model 

8. The 1:3-seale section model consisted of « singles pump bay designed 
to pe.ait tearing of various pump bay and intake designs, The approach chan- 
hol wan not reproduced; therefore, approach flows into the pump bay were rot 
simulated, The secticn sodel facility {» shown {tn Flate 2. The pump intake 
and pump bay aide and rear walle were constructed of transparent glaatic ta 
pernit observation of flow. 

9. The method of eperation and the equipment (puepa, flowweters, 
valves, vortimeters, and velocity meters) used in the cection sodeal wore 
essentially the same as described for the gencral model. 


Evaluation Techuiques 


10. Techniques used fer evelsation ef nydravlie performance included 
the following: 
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a. Gurrent patterns in the approach channel were determined by means 
of dye injected into the water and confetti sprinkled on the water 
surface, Water-surface elevations were measured with staff and 
point gages. Velocizies in the approach channel and puap bays vere 

measured vith pitot tubes and electre- 


STAGE 0 - NO VORTEX magnetic velocity probes. 

kh. Visual observations were made to 
detect surface and/or submerged ver- 
tices, A design that peraits a 
Stage C surface vortex or submerged 
vortex with o viaible air core is 
considered unacceptable. Stages of 
surface vortex development are showa 
in Figure S$) A typical teat con- 
alated of documenting, for a given 
flow condition, the most severe vor- 
tex that occurred in a S-ain (model 
time) period, 
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STAGE A 
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&. Swirl angle waa measured to indicate 
the strength of awirl entering the 
pimp intake. A swirl angle that ex- 
ceeds 3 deg if considered unaccept- 

STAGE 8 able, Swirl in the pusp columns was 
indicated by a vartiweter (free- 
wheeling propelles with zero pitch 

4 blades) located inside the puap 
column (Photo 1). Swirl angle is de- 
fined ag the ratio of the blade speed 
Vy at the tip of the vortioncer 
blade to the average velocity ‘, 
for the cross section of the piuep 

STAGE ¢ column. The ewirl angle ¢# ia con- 

puted from the following formule. 
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Figure 5. Stages in surface 
vortex development, FSI 
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# = awirl angle, deg 


Vo > tangential velocity at the tip of the varcineter 
blade, fps 


Va = average pump colusn axial velocity, fps 

d= pump coluen diameter (used for blade length), ft 
n= revolutions per second of the vortimeter 

Q = pump discharge, cfs 

A ~ cross-sectional area of the pusp coluan, to 


#. Measurement of volocity distribution and flow atability in the 
pump Intake (section model) te dlacussed in paragraph 2). 


Scale Belations 


12 The model scales for the feneral and the section modelu vere 
computed Co provide « Reynolds rusher greater than 1 x 164 which fa the lower 


limit of turbulent flow as calculated by the following equation 


where 
R~ Reynolds number 
Vw average velocity in Pump wuction colisen. fps 
D« inside diameter of pusp suction coluan, ft 
v~ kinematic viscosity of fluid, ft'/rec 


A Reynolds number of this magnitude will ensure that heale effects tue to 
viscous forces will be minimized. The accepted squations of hydraulic almili: 
tude, based upon Froudian criteria, vere used to expresk the aathematica) 
relations between the disensions and hydraulic quantities of the aodels and 

: Prototype. The general relations expressed in tern of the general pode! and 
section modal scales or length ratios i, afe presented in the following 
tabulation. 
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Scale Relations 
Medel Prototype 
QRimenaioan —ftatio Gepexal gexrion 
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Length ls 1:10 a 

Ares A, o 1100 19 
Velociry V0 ue 13 46 11073 
Discharge Q = Lt 1326.73 1:15 60 
Tine T, ~ ue 1:39.16 1:2 073 
Volume V0 1 12,000 197 
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PART 111: TESTS AND RESULTS 


Gensial Mode} 


Approach shanne) 


12. The 400-ft-long trapezoidal channel previded an excellent approach 
geometry an indicated by the surface flow patterns in Fhotes 2-4. Bottos 
velocities in the approach are alao shown in Flates 3-5. With one or two 
pumps operating, « alight flow concentration was noted an flow passed around 
the pler nose of Che {idle pump bey Plate 6 shows a plan and profile of the 
flow patterna in the sump with « single outaide puap bay in operation 


Vasiout auap deal gns 
fyertical suction intake) 


1}. tn the original (type 1) design avep, the avirl angle increased an 
the water sicface Increased to 01 415 90 The increase in av(rio in the pusep 
intakes wan attributed to the atrotig lateral flow thet occurred through the 
access ports in the {nterlor divider walls The access ports are 4 0 ff wide 
and have an invert elevation ef 413.0 (Plate 7) The iateral flow through 
these onenings produced flow concentrations that amplified the existing 
asymmetrical inflow conditions to the puap [ntakes and created the excessive 
swirk Teste conducted with the access porta closed indicated that the sccess 
ports should be closed to reduce awirl at vater-surface elevations above 
433.0. Even with the acces ports closed. the reduced ewitl was atid} ran. 
sidered to be excessive and further sump eod( (ications were required 

14. Since flow in the approach channel was fairly evenly dlatributed, 
model teats were conducted to determine which companents ef the pump bay 
geometry were contributing to the excessive swiri Three modifications vere 
made to the pusp bays during this serlos of tents Initially. the breast wals 
and sidewall contractions (Plate 7) were removed to teat Flow in an unab- 
structed pump bay (type 2 design susp) The sidewall contractions were 
replaced without the breast wall (type 3 design svep}. Finally. the breast 


oo 


wall was replaced without the sidewall contractions (type * design sump), The 
following conclusions were drawn from the analysis of these Casts. 


& The swirl at the pump intake wan practically eliminated with 
the type 2 design susp (unchatructed pump bay); therefore. the 
separation of flow around the pier noses (Plate 6) had an 
insignificance effect on swirl at the pump intakes. 
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h. The sidewall contractions (Plate 7) produced a suali amount of 
ewirl, 
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g. The breast wail (Plate 7) caused a gajor portion of the exces- 
ative swirl, but removal of the breast wall waa not considered a 
feasible solution since the cloeure gate (Plate 7) ie supported 
by the breast wall. 
1S. Several additional sump modifications were tested using various 
flew stabilizing schemes. None of the modifications ylelded satiafactory 
results for oli cosbinatlons of pusps operating amd water-aurface elevations. 
A 2.0-€t-radius quadrant wall wae added to the lower upatream edge of the 
breast voll to form the type $5 design susp (Plate 8) 9 The quadrant wall 
reduced the separation of flew from the lower edge of the breast wall and 
provided a greater flow area with reduced velocities beneath the wall 
Vortimeter data indicated this destgn wan ineffective in ellainating the 
unstable flow and exceasive ewirl. Fillets were placed in the corners of Che 
guap bay in the type 6 design susp (Plate 9). The purpose of the fillets wan 
to eliminate the atagnant zones in the corners of the pump bay A alanificant 
decrease in the nunber of vortiaeter rotations was noted at a vater- surface 
elevation of 415.0. However, the amount of swirl became exceseive with a 
water-aurface elevation of 416.0. A aplitter wal) placed beneath the pump 
bell in addition to the corner (Lliets (type 7 design sump, Plate 10) did cot 
improve the hydraulic performance, The breast wall and sidewall contractions 
were moved 6 70 f¢ upstream of their original position in the type & desien 
sump (Plate 11). The type 8 design sump provided a greater length of channel 
dovnstreas of the breast wall for the disalpation of unstable flow conditians 
However, this arrangement did not ieprove the sump performances 
16. Since the removal of the breast vall is the previoun sedel teats 
thad reduced the amount of awirl at the pump Intakvs, a serie: of testa wore 
conducted to deteraine if the breast wall could be raised ta a higher eleva 
tion to alninize the amount of swirl at the pump Intakes  Teatse were conduct 
ed with the lower edge of the breast wall raised to clevations of 404.0, 
405.5, 407.5, 409.5 and 412.0 (type 9-13 dosign sumps} Fest results showed a 
reduction in awirl for a1] breast wall elevativuns ef 07.5 or greater 
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{type 12-23 design summs) A breaat wall elevation of 408.0 (type 14 deaniga 
sump) was recommended, but the US Aray Engineer District, $t. Loula, expressed 
concern over structural problems that might be encountered with the breast wal} 


at this elevation, A request was made for tests to evaluste a breast wall at 
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conditions. The disadvantage of raising the breast wall to a position above 


the ainiwus water-surface elevation (a1 405.0) ta the elimination of the 


surface turbulence created as flew pasaea under the wall. The surface Curbu- 


lence induced ia effective in suppressing the forsation of surface vorticen at 


the pusp intakes (Figure 3). Observations of flows with the type 15 deaign 


susp at the ainisum water-eurface elevation confirmed the presance of Stage D 


surface vortices (Figure 6), 


#1 467.0 (type 15 design sump), and these tests indicated satisfactory swirl 
| 

| A vortex suppressor beaw placed at a strategic 
' 

! 


_——--— 


Figure 6, Stage D vorCex 


location in the pump bay can create enough surface turbulence toa eliainate the 


formation of these vortices. <A serions of code] teats were conducted ta 


determing the prop t height and position ef the .srtex suppressor beaa. The 


wejoricy of the beams tested produced inatebllity in the Clow, which caused 


excessive swirl, These teat resulte indicated that a 0.9-ft-high beas placed 
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Figure 7. Type 16 design sump 


2.4 ft downstream of the pump center line (type 16 design eump, Figure i} did 
net contribute to the swirl and prevented surface vortices atronger than 
Stage A (Piguce 5). 


17. The type 16 design sump is shown in Plate 1200 The following 
changes were sade to the original design susp: 


4. 


&. 


The openings in the interior divider walls were closed ta 
prevent lateral flow between adjacent bays 


The breast wall was raised to an elevation of 407 0 to reduce 
the amount of ewirl at the pump intakes 


A 0.5-ft-high vortex auppressor bean wae placed 27 4 ft duwn- 
stream of the pump center line to prevent the formation of 


surface vertices, Vortimater dats vere recorded 4: varisus 
operating conditions with the type 16 deatgn sump. Compari- 
sons of swicl angles measured with the original (ctype 1) 
design sump and the type 16 design sump are shawn in 

Plates 13-15. The comparisons show a large reduction in swirl 
at all conditions, especially with che higher water-eurface 
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elevations. The type 16 design sump. with no trashrack 
blockage, provided satiafactory hydraulic performance fcr all 
anticipated flow cenditions. 


Txashreck blockage 


18. Subsequent teats were conducted to evalustea the hydraulic perfor: 
mance of the type 16 deaign sump with trash accumulation over various regtons 
of the traahrack. A dramatic incresse in surface vortices (Stage EB} and swirl 


Let PH OSPR I ERA MONE PENSE A HS dl ASD eR aT ICOM AL HE, 


at the pump intakes due to partial blockage (25 percent) of the trashrack was 
observed. A avirl angle of 35 deg was measured with 25 percent of the trash. 
rack blocked. The blockage extended from the aldewall for a distance of 

2> percent of the width and extended from the water surface to the floor of 
the sump. It was apparent that any significant accumulation of floating or 
subeerged debria on the trashrack would {ncrease the tendency for swirl and 
surface vurticen and adverazesy affect flow diatr{button enter{ng the puerp 
intakes 

Various awep designs OFS1) 

19) fue $o Che anticipation of significant trash In the prototype 
approach chanel and ita adverse affect on flew entering the pump intakes 
(eats were conducted with an FSI desten (Piate 16: tTrithaliy. the FOL was 
located {fa pusp bay 1] (type 17 design sump} and teated with various combing 
tions of pumps In operation and at various water-surface elevations The test 
results showed there was mo awirl (2 deg swiri angle) for nermal pusping 
operations Teats were conducted with trash blockage over various trepluns of 
the traashrack Only sinimal swirl (swirl angie leas than | degi was datecced 
with trash blockages as large as J° percent This was a aigniflcant Japrove: 
@ent over the type 16 design sump. which was aensdtive to trash blockage 
Occasional surface vortices (Stage Cy} were documented witht trash blocks ge 
Stage D vortices vere observed with the Crazhrack blocked 24 percent 
losacoafflicisnts 
i 20. The type 1, 16, and 17 deaigpn swmpe were simuitancecusly efmulated 
} in the three pump bays as shown in Plate 17 Statle pressures vere meanured 
{n each pump bay using plezoseters located in the pump colusne and Che susp 
floor (Plate 17). Computations were made for various flow rates and water- 
surface elevations to determine the effects af the conditions on the values of 


the head lsss coeflicient using che foileving equation 
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ate = (3) 
% 
where 
k ~ head loss coefficienc 
H, ~ head loss, ft 
Vim throat velocity, fps 
g~ acceleration dus to gravity. (t/sec? 


Plots of head loas caefficient versuae Reynolds mugber Ro for varlousa water: 


surface elevations are presented in Plates 1@ and 19 9 Analyais of those data 


indicates that the value of the foes coetfictent fer the FAI design remained 


conatant at sbout 0 75 Vi/2~¢ for all canditions tested The lose comfficterts 


for the type 1 and 16 deaigna ranged from 0 10 to 0 15 Vi77% 
value for the FSI design These cont 


lower than the 
temulta indicated that the FSI dealen 


provided « wuch faproved flow distribution and leas awirl fn the pusep coiusen 


at the expense of a alight increase In head loas 


Section Mode} 


Zi To further evaluate the Alton cump and pusrp intake denipne ty 


observing vortices and mpanuring flow distribution in the purp column, a 


L.3-scale sodel waa constructed, which simujated a aingle pup bay and purp 


tntake. The size of the 1 10-scale model was not euffletent te perwit 
measurement of flow distribution in the pusp colucn 


22. Tests to docusent vortex charocterfatica were initially cendurted 


on the type 17 design sump. The cepe J/ design susp Included an FSI and fs 


shown in Plates 16 and 270. Surface vortices forsed in a region fuet upstream 


ef the FSI, as shows im Plate 70 The resulta of vinual olaervations are 


presented in Plate 21, which gives vortex strength az a tunctlon of water: 


surface @levation and diecharge. analysis ef these deta shows unacceptable 
vortex formation during anticivated pusping conditions 


A Stage © vortex 
Figure 3) was considered unacceptable. 


23. Two modifications (cype 16 and 19 design suaps) to the Cype 17 
Sesign were tasted in an atteept to eliminate the unacceptable vortices. The 
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type 18 design involved Placing « wall across the puar bay and around the 
mouth of tho FSI (Plate 22). this modification ei{minated clreulation behind 
the pump column and reduced the tendency for surface vortices, Visual obner- 
vations were sade on the type 18 design for va tous water-surface elevations 
and discharges. Plate 23 ahowa the results of these observations The 

type 18 design reduced the tendency for vortices: however, undeatradle var- 
tices occurred under expected pusping candicions for Watervsurface elevations 
above 405.0 and diacharges above 94 cis. The uneccepravle vortex forwation 
upatream of the type 14 fdeaipn eliminated this design from any further 
teating. 

24. The type 19 deaign (Plate 20} {volved lowering Che upatrean 
closure gate from an imfCfal elevation of 407 9 to a final elevation of 403 6 
fo attenuate surface vortices This wodiiteation caused the lower portion of 
the gate to be submerged st all operating conditions The surface turbulence 
produced by the submerped gate resulted “1 4 reduction in vortex formation 
Lowering the gate “Spatream of the FS] did not increase the mwird fn the pours 
intake ae it did with the Vertical suct on fntake The resulta of the visual 
observations for the type 19 design are given in Fate Je There vere no 
Tegions of unsatiafactory hydraulic pericrmance of the type 19 design abuve 
the minimus operating water- surface elevation of 465 0 for the tange vf 
expected discharge 

25 Velocity patterns aeasured in the type 19 design are shown 41 
Plate 25. The head loas caused by the breast wall is alag shove in Plate O% 

26, The type 17, 18) and 19 Gesigua vere tested with a 24 percent 
blockage of the trashrack urier the game conditions as at] Previous teats 
The blockage oxtended fros the sidewall for a distance of 34 Pereest of the 
bay width and extended from the water surface to the floor Of the susp Fiae 
concentrations were produced by the blockage. which increased vortex forma 
tion. The results of the wodel teeta are presented in Plates 26-78 Un 
acceptable vortex formations occurred under normal pumping condit¢ fans for all 
FST designs with 25 percent of the traahrack blocked 

27. A data collection ayalom was wet up to evaluate the velocity 
distribution in the puep coluen of the type 19 design al the approximate 
location of tha Pump iepeller, A profile and cross nection of the type 19 
Sesizn ia shown in Plate 29. The lower edge of the pump impeller would be 


located at the 24-in. constriction of the pusp column (Section A-Aj}. Copper 
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tubes (1/8-in. ID) were tnatalled with their tipa at Section A-A to measure 
the total pressure at 25 various points in the pump column as shown in 
Plate 29 and Photo 1. Four plezometers were located around the periphery of 
the pump columm (Plate 29) to measure the average static preswure at this 
location. The four plesometers were placed above the plane of the iepact 
tubes (Plate 29) to reduce the effects of the localized low pressure zone 
caused by the constriction in the puap colusn An adjustment factor was 
established to correct for the differences in head loss, velocity head, and 
elevation between the tepact tubes and plezometera The head differential was 
measured using 25 individual electronic differential pressure celle The 
cells were connected to « computerized data acquisition syatem capable of 
collecting data for chosen lengths of tlae and sampling at various rates A 
velocity was computed from Che measuied head differential and then noraallrod 
by dividing the measured velocity by the theoretical aversge velocity of the 
cross section A deviation of 10 percent gr greater in the ratio of the 
average measured velocity at a point to the average computed velocity in ine 
crosa #ection was considered unacceptable A sampling rite of LOO sampien per 
second was used during a tent perfod of 69 sec for all madul tests 

28 Velocity ratio contour plots were wade for model testa conducted 
with the type 1? and 19 designe and are presented In Plates 30 and 31, 
respectively The contour Lines on these plots represent equal average veltor 
ity ratios. The plota were made using average velocity ratios, since thie tx 
the criterfon used to deteraing acceptable hydraulic performance A contour 
plot for the type 19 design intakes with 7% percent (rashrack blockage ja 
shown in Plate 32. These resulta do not indicate any significant change fa 
the velocity diatributions due to the trash blockage The contour plate in 
Plates 30-32 show the average velocity ratio to be within 10 percent of unity, 
which (s considered to be scceptable 

29. Type 1? and 18 designs were unsatinfactory with or without Crash: 
tack blockage dus to the presence of surface vortices in the pump bay = The 
type 19 design provided satisfactory hydraulic performance for all anticipated 
flow conditions, provided surface vortices are not pensrated by a partially 


30, Tests were conducted in a 1:}-scale model of the type 16 design 
suap to document stages of surface vortex development and flow distribution in 
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the pump intake and to enable a comparison of hydraulic performance between a 
vertical suction intake (type 16 design sump, Plate 12) and an FSI] (type 19 
denign sump, Plate 16). 

31. The results of vortex observations are presented in Plate 33, which 
shows surface vortex stage as a function of water-surface elevation Plate 33 
indicates satisfactory performance (no Stage C vortices) for vater-surtace 
elevations as low aa the ainimua anticipated. 

3200 The type 16 design wan ceated with 74 percent blockage of the 
trashrack, The blockage extended from the aidewall for a diatance of 25 per: 
cent of the bay width and extended froa the water aurface to the floor of the 
sump. The blockage concentrated the approach flow, which increased the circu: 
lation in the pump bay and the atrength (atago) of the vortex format funn 
(Plate Jad, 

¥400 Reeulta of teste to define tinw diatribution in the type L& deaipn 
with and without trashrack blockage are presented as contour linea of equal 
velority ration in Plates 35 and 36. reapectively A comparison of Plates J} 
and 2? with Plates 3% and 36 indicates that the flow fa better dfatefbuted In 


the puwp coluen with the FSI 


Eecoumended Design 


da Test results from the general and section models indicate that 
a aurface vertex standpoint. the type 16 denipn inuction bel] intake) fa 
equivalent to the type 19 design (F531) However, from the xtandpoint of swirl 
and flow distribution in the pump intake, with and without trash hleckage. the 
type 19 was superior Based on hydraulic performance documented free the 
model tests, the type 19 design iPiates 36 and 25) waa recommended fur the 


Aiton Pusping Station 
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PART IV: DISCUSSION AND CONCLUSIONS 


35. In the general model, the 400-fr-long trapezotda} approach channe) 
provided satisfactory flow dietriburion to the sump. Initial testa Indicated 
that the access ports in the interior divider walle should be clesed to reduce 
the swirl angie of flow entering the puep intakes. Even with the access ports 
cinsed, the reduced swirl was considered to be exceasive. 

34. Modifications to reduce awirl included removing breast wall and 
sidewall contractions, etreamlining flow by adding # 2.0-{t-radiua quadrant 
wall to the lower edge of the breast wall, locating fillets in the cornera of 
the pus Uuay, and locating a aplitter vall benesth the pump Sell Removal of 
the breant wall did aignificantiy reduce the awit! to an acceptable degree 
Hawever, removal of Uhr breast wall var net considered a feasible aglurion 
Since the closure gate ia supported by the breast wall  Teats were conducted 
tw determine If the breast wall could be raleed to a higher elevation to 
winiaize the asount of swiri 4% the pump Intakes  Satiafactory hydraulic 
performance relative to swirl waa obtained with the breast wall saleed 4 0 ft 
te #1 607.0 However, rafaing the breast wall above the ainimuas susp eleva: 
tian of 405 0 elisinated the surface Curbulence generated by the breast wall. 
vhich was effective in suppressing the formation of surface vortices The 
tendency for surface vortices wan reduced to an acceptable level by installing 
a vortex suppressor beam in each pump bay itype Lb design) 

3? When the type 16 design waa aublected to partial trashrack block: 
age. a dramatic increase in surface vortices and swirl in the purp intake was 
observed. 

3B. To alleviate the adverse hydranife conditions caused by trashrack 
blockage, a formed suction intake (FSI) was inveatigated Only sintmal avid 
was detected with trashrack blockage as large as 7) pervent Undesirable ssa - 
face vortices were obsetved with the trashack blacked 2% percent 

39. Tests conducted to compate the head lou: through the vertical and 
formed suction tntakea indicated that the Lloes coelfictent. tanged fs ux 
9.10 to O.15 Vi/2g higher in the Fal 9 The FSi provided a much taproved flow 
distribution and less avizl at the expense of - slight increare in head loss 

40. Tests vere confucted in a sectiun model (one pusp bay) primarily to 
investigate flow distribucton in the pusp colusn. The genera) sodel waa not 


designed for measurement of flew distribution {a the pusp coluen. Teast 
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results indicated that the type 19 FSI presided satiafactory flow distribution 
with any anticipated flew condition, even with 25 percent of the trashrack 
blucked. 

41. Additional tests were conducted in the section model to evalu te 
flow conditions with a vertical suction intake (type 16 design) and to compare 
hydreulic performance obtained with the FRI (type 19 design). Teet results 
from the general and section sodels indicate that the type 16 and 19 designs 
were alallar from a surface vortex standpoint. Frow the standpoint of swirl 
and flow distribution in the pump intake, the type 19 design was superior 
Based on teat results, the typa 19 design was recommended. 
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